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MR No. L5007
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT
" for the
Army Alr Forces, Alr Technical Service Command
CHARACTERISTICS OF SEVERAL SINGLE- AND DUAL~
ROTATING PROPELLERS IN NEGATIV®E THRUST
By W. H. Grey &nd J.e'an Gilmen, I.J'r.

SUMMARY

Thrust and power characterlistics of several single-
end dual-rotating propellers differing Iin blade width and
number of blades eare presented for the region of negative-
thrust operation from -45° to Ui5° blade angle. The tests
herein reported are an extension of previous single- and
dual=-rotating gropeller tests utilizing blades of Hamlltom
Standerd 3155-6 (Clerk Y sectlon) design.

The tests Indlcsated thet withlin reesonable accuracy
it 18 posslble to predlct for a given propeller design
characteristics 1n the negative~thrust renge from known
characterlistics et a different activity factor.

Adequate negative thrusts were indicated for extremely
high posltive as well as negative blade angles.

For the particular selection of blede angles used In
these tests, single rotation gave higher negatlive-thrust
coefficlents than dual rotation at low values of J, but
at values of J higher than about 1.5, dual rotation
produced higher ccefficlents.

INTRODUCTION

At the resquest of the Army Alr Forces, Alr Technlcal
Service Command, tests of single- and dusl-rotating pro-
pellers operating in the negsastive-~thrust renge were con-
ducted in the Langley propeller-research tunnel. The
blades selected for these tests were the Hemilton Standard
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3155 deslgn, which previously have been the subject of a
rather broad test progrem in the positive-~thrust ramnge.
(See reference 1l.) .

Negative thrust has a number of potential uses smong
which are reduction of lending run, reduction of terminal
velocity in diving flight, tactical meneuvering of fighters,
maneuvering of multlengine seaplanes on water, and mooring
lighter-than-air ships.

At present the normel range for operation 1n negative
thrust 1s at smell blade angles, partly since the angle
chenge necessary 1s smeller than that required by a change
.to the extremely high posltive s=mgles, end partly because
operatlon at high positive angles might result in operation
~ below the minimum engine-rotetional speed. The use of

negative blade sngles necessitates passing through a
minimum torque reglon with the danger of overspeeding the
. englne, whoreas high positive angles require operation at

very high power and very low engine speeds. Pravious
negetive-thrust investigations (refersnces 2 snd 3)
are limited in reange of blade angles, solidity, and type
of rotetion. The tests reported herein were mede over ea
blade~angles renge from -45° to 1459, using single-rotating
propellers having three end four blades and dual-rotating
propellers having four, slx, end elght blades.

COEFFICIENTS AND SYMBOLS

The results are presented 1n nondimensionel forms of
thrust coefficient, power coefflclent, and torque coefficlent.

Cm = effeotive thrust
T = pn2ph

Cp = Eggsg negative when power 13 delivered

to engine by propeller
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The erfective thrust i1s the measured thrust of the

propeller-body ‘combiriation plus dreg of the .body measured .

without a propeller (positive in the direction of flight).
The symbols used are deflined as follows:

P power absorbed by propellar, foot-pounds per

second
Q aerodynamic torque, foot-pounds
n - propeller rotetional speed, rps |
D propeller dlemeter, feet
o] mass density of the air, slugs per cublc foot
v free-stream veloclty, feet per second

B, By, By Dblade angle at 0.75 R, degrees

Subscripts F and R refer to front and rear components

"of dual-rotating propellers

J advence ratio, V/aD
_ B x 100000 byr (£
TAF total actlivity factor = 15 D(R) d R)
0.2
B number of blades
b blade width at station (r/R)
r redlus to station
R radius to tip

EQUIPMENT AND PROCEDURE

A oomplete description of the equipment used 1n con-

"ducting these tests--wiil be found in .reference l,. Some

Teatures of the test setup, however, are repeated herein. .
The test setup, with wing, was mounted in the wind tumnel
es shown In figure 1. Dimensioris of the nacelle and
symmetrical alrfoll wing ere given in figure 2. Power

was suppllied by two 25-horsepower electric induection

pr— ) SETR A 1 — | — . ————
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motors which drove propellers on concentric shafts.
Negative as well as positive torque was measured with
spring-selsyn dynemometer equipment. Propeller rotational
speed was determined by means of electrlic tachometers.
Thruat wes measured as negative drag on the regular wind-
tunnel balencse.

The 1l0-foot=diasmeter propellers, Hamilton Stendard
blade design 3155-6 (right-hand) end 3156-6 (left-hend)
of activity factor 89.7, as well ss the wide blades
Hemilton Stendard 3155-6-1.5 (right-hand) and 5156-5-1.5
(left-hend) of activity factor 134.4, were those.used in
previous investigations. (See reference 1l.) These pro=-
pellers for which plen- and blade-form curves are given
In figure 3 Iincorporate Clark Y airfoil sections.

In general6 propellers st positive blade-angle setting
.between P = 15° end B = 65° were testsad from the J for
zero thrust to the higheat attainaeble J. At all other
blade engles, tests were made over the meximum J renge
attainebls. High veluss of J were obtained In soms cases
by operating at propeller rotational speeds as low as

40 rpm. For dusl-rotating vropellers with values of B

from 25° to 650, it was deemed advisable to meintaln thb
seme differential between front and rear blade angles as
that employed in pravious tests of these propellers. (See
references 1 end i..) From ﬂF equals 159 to =459, the

front and rear blade settings wers equel and from PBp

equals 75° to 1U45°, the blades were set to maintain the
difference used at the 75° blade angls, Figure I is a
plot of the difference iIn front and rear blade settings.
The rotationsl speeds of the front end rear components
were equal throughout the tests.

Three- and four-blade single-rotating propellers were
tested in the resr hub, while the bledes of the four-, sixe,
end eiéht-blade dual-rotating rropellers were equally
divided between two hubs 1n tandem, with a hub spscing of
15 inches.

Beceause of the low power snd speed of the electric
motors, propeller rotstional speeds were such that the
tip Mach number was always lower than 0.3. The highest
Reynolds number based on the chord at the 0.75 R was about
1,000,000, The effect of Reynolds number was not critical
within the range of the tests as the effect of changes
between one-half million and one million could not be
measured,

e e [
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~ RESULTS AND DISCUSSION

: Negaﬁive-thrust cheracteristics are presented in
. figures 5 through 2l,. Flgure 5 presents thrust coefficient,
Cp for the three-blade propeller, plotted ageinst J on

rectangular coordinate paper end also plots of corresponding
" curves with a tangent scale which enables coverage of the
full renge of results on a reasonsebly slzed figurs.
Corresponding values of power coefficient C are shown

in figure 6. Figures 7 through 2l present tﬁrust end power
coefflclents in the seme order for other propeller configu-
retions, es itemized in teble I. )

An 1dea of ‘the testing sccuracy maey be obtained from
the fact that the faired curves. obscure the test points;
there 1s generally no more scatter than the width of the
faired line. :

An important point that may be made following an
inspection of these figures 1s that o blade sngle of 145°
gave almost as great a negetive~thrust coefficient as =15°.
The- magnitude of the difference depends on the value of J
at which the compsrison 1s msds.

In figure 25, for a wids rangs of front blade engles,
data have been reduced to a common basis (activity factor
100). ' The points indicated on this figure are necesssarily
from falred data and are not test points. Values in the
posltlive thrust range were obtalned from reference 1. At
each blasde sngle, the scatter of points indicates the
accuracy. For slngle rotation, appearently, a simple allow-
ence for ectivity factor would suffice to enable the
negative-thrust characteristics of a propeller of any
s0lidity to be predicted, provided the charecteristics for
a similer propeller of any other solidity wers known. The
eceuracy of this edjustment for duel rotation, figures 25(c)
md 25(d), 1s not es good as for single rotation. For the
rengs of blade angles shown the scatter varlss between 0
and 30 percent depending on J and B ; the greater
negative or positive is f , the greater 1s the scatter.
The scetter elso increases gt low values of J.

Flgure 25 emphasizes polnts not so apperent in the
preceding figures of which it 1s'e composite. The negative
blade engle for meximum negaetive thrust varies from «30
to =15 a8 J varies from 1 to l} for single rotation, end
from =40 to =25 for the seme values of J for dual rotation.
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As stated previously these dual-rotation tests had heen

run at equsel front and rear blade angles for all negative
blade=angle tests. It might have been possible to obtain
the maximum negative thrust at front blade angles compareble
to those for slngle rotation by a.readjustment of blade=-
angle difference between the front and rear components.

In a practical installatlion it would be posslble to install
stors for operation in negative thrust at the unequal front
and rear blade angles thus necessitated. Some consideration
should, however, be given the time required to shift blade
engle; 1t would be deslreble to start from or approach the
seme front and rear blede angle at negative thrust,

It 18 also more apparent from figure 25 than from the
previous filgures that little dilfferencs exists between the
negative-thrust coefficient avallable at =-15° end at 145°
for a wide renge of J's. As noted In the Introduction,
the posslbility exlsts for operation in negetlve thrust at
high posltive blade engles and the date bear out at least
the feasibllity of obteining negative-thrust coefficlents
equal.to those obtalned at negative blade angles.

Some compsrison may slso be afforded for single and
dual rotation from the two parts of figure 25. For low
and negatlve blaede angles larger values of thrust and
power coefficlent are indicated in thés case of single
rotation below a value of J of 2 than for dual rotation.
Above a velue of J of 2 ths reverse i1s true, Thils
condition is true, of course, only for the particular
selectlon of blade engles used 1n these tests. " At very
high engles the value of J for equal thrust was approxi-
mately 1l.5. At smeller values of J the negatlve-thrust
coefficients were larger for single than for duel rotation.
At values of J 1larger than 1.5 the coefficlents were
smaller. At high blade sngles power coefficients for
single rotation were appraclably smaller at all values
of J then those for dusl rotaetion.

Many applications of negative-~thrust deta are possible;
the form of presentation best sulted for any given appli~
catlon depends, of course, on the varlsbles involved.
References 5 snd 6 present methods of approach to the
problem of reducing speed on. an overtaking eirplene to
incresse firing time. Reference 6 also presents methods
of solving problems of lending deceleration and reduced
dive speed. These methods are based on standard coefflcients
as used in the present report. However, the use of speclal
coefficlents and/or methods of plotting may facilitete the

é
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solution of problems such as determinstion of the rate of
pltch chenge necessary to limit overspeeding to a resson-
able value., The gquestion of overspeeding 1s of major
importance when the blauv-sngle changes involved are from
high positive velues to negative angles. Methods of
epproach to this as well as to other Egoblems employing
apeclal coefflclents end plotting methods are outlined

in reference7 .

Subsequent to the originnl test program additional
tests were run with the three-blade 3155-6 design propeller
to obtain characteristics for each degree of blade sngle
between -5° and 5°.. These additional results are presented
in figure 26 with the results of the original tests at 5°
superimposed. The curves for ~5° and 5° were not duplicated
wlthin several percent,not only because the original tests
Included a wing in the nropeller wake whereas the tests at
10 increments were made.without a wing but also because
the magnitudes of the thrust in relation to tere drag and
power were extremely small.

The primary reason for the additional progrem of
blede engles was to check results which indicated three
equllibrium rotational speeds (end consequently three
thrusts) at a given forward veloclty in the blade angle
region between 3° end -4O.

Figure 27, which 1s a plot showing the veriation of
Qu Wwith J of the three-blede 3155-6 propeller at several
blade engles, 1llustrates the characteristics in this
doubtful renge. For a given value of @Q,, V, and D,

it would be remsonable to expsct s unique velue of J,

end consequently, n. The results presented in figure 27,
however, indicate as meny as three possible velues of J
for a given Q,. Similar curves obtzined from SE68-R6
propeller results in reference 3 show only ons value of J
in the seme renge of blede angles.

An attempt to explain these pecullsr results by
theory was not conclusive because of the lack of adequate
section data for the high negative sngles of attack
experienced. : . - -
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CONCLUSIONS .

The following conclusions are based on propeller test
results free of compressibllity effects.,

l, For simllar propeller blade designs, characteristics
mey be predicted in the negstive-thrust range to a limited
degres of accuracy for eny actlvity factor, provided the
propeller characteristics ere inown for one value of activity
fector,

. 2., Adequate negative thrusts may be possible at
extremely high positive as well as negative blade angles,

3+ At low values of J, single rotation produced
higher negative-thrust coeificients than durl rotation,
but at velues of J higher than ebout 1.5, dual rotation
geave higher coefficients.

Lengley Memorlal Aeronsutlical Laboratory
Natlonael Adviscry Committee for Aeronautics
Langley Field, Vea.
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TABLE I

LIST OF FIGURES

Number
Flgure of Rotetion Type of curve
bledes

. ,. ]

5=6 3 narrow | Singls . Cheracteristic

7-8 Ly nerrow | --do-- Do.

9-10 ! Lt narrow Dusal ? Do.

11-12 | 6 nerrow | --do-- i Do.

12-1; | 8 nerrow | --do-- Do.

15-16 | 3 wide Single Do.

17-18 ! L wide ~--do~-- ! Do.

[

19-20 | 4 wide Duel Do.
21-22 | 6 wide ~-do-- Do.
23.2l; | 8 wide -=do~- Do.

2 narrow Single
25 to and Comparison
8 wik (inc)) duel
26 3 narrow | Single | Characteristic and comparison
27 3 narrow | --do-- Do.

NATIONAL ADVISORY
COMMITTES FOR AERONAUTICS
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ight wide blade dual-rotating propeller on test setup.

E

Figure 1.-
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Figure 9.- Variation of thrust coefficlent with advance ratio, four narrow blades,
dual rotation.
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Figure 12.- Variation of power coefficleant with advance ratio, six narrow blades,
dual rotation.
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Figure 13.- Varilation of thrust coefficient with advance ratlo, eight narrow
. blades, dual rotation.



MR No. L5CO7

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Filgure 13.- Contilnued.




MR No. L5CO7

/

p=

L

1]
LT
1T

» ”
H1 1411

NATIONAL

COMMITTEE FOR

ADVI

AERONAUTICS.

)

N

-0

(o) 4

8

2

6 20 25 30 35

Figqure /13— Confinued /

404595

7 8390/2 1520 oo




MR No. L5CO7

P NATIONAL ADVISORY
- COMMITTEE FOR AERONAU

-/2

20

(
T

"0 A B /2 6 20 25 303540455 6 7 BIDTAPD oo
F/_?ure /3.~ Concluvded 4




MR No. L5CO7

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Figure k.- '“;}9510" o yoweg o0 ce ratlo, elgnt narrow
1RA¢R. Aua I"OTtAa on.

coefficlent =ith advan




L5CO7

MR No.

|MU M%,z =
s Ry it g
= st S S ey 5 % e
S R EEsalE
o 2 i e
1 = £ = X == : :
= T E :
H = R e = =
i 5!
B i I 35 H I b=
1] st e =5 > =
B ] st tr Feat 23cy e Rm
i ; B i i g X
3 =5 + T B S Bt nln 0 & =HH
St Bh = i EE H T mn1 <y B
i LR SEENE 7,8 & i
F e e b e HNGRT 3 2 MEI
= = ﬂ.tﬂu..na.x s k mm
o 1] 4 Ha F HH
zZIEEn
Q
: =
mHJ: wﬁ
= S
= HiEE
ExEE 2
I e H
b 2
=== S =
P = il
s e

L

Figure 14.-- Contilnued.



MR No. L5CO7

T
1108

)11 8

"

L
1

a4 11

€
o 7 2216 20 25 30 3b 4 4
Fiqure /4 -Continved v

7 69/0/2 1520

O
Y
[\




L5CO7

MR No.

o0

I
X
2
6 ~
1 W
= ===l “
: H 55 m
} } mE ]
il
22
=P 2
3 2
B N
= ¥
S
Y
D)
o
N ~o
N ©
| n N
] N -2
g
Y
i /&
I~ —.
q
~
0
Y
Ny
R)
S g\
X A\ Q - -
SN 5 ¥ ¥ MCPW._ R 3 60 N OONN o

-0




L5C0O7

MR No.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

bladaa.

- Variation of thrust coefficlent with advance ratio, three wide

5.

Figure 1




L5CC7

MR No.

it

i

il

ST

il Al

i
i
T

i
Y —
>E
e
x
DE
<
-3
48,
pr s
e
o
FE 9
z3 g
3 3
3 jod
—t
: - o
- i
. ) S
RIS ©
i 1
- u
N
- %
n 3
.
)




MR No. L5CO7

L
[*a)
1A

Re-
S
=

T

-

G
QD
seaot
" =
LT

LY

1

a4
-&
-9

=/0)|

-00

Bz 8 2
Figure /5— Coritinued /

O




MR No.

L5C0O7
o 3
e
i
-~ (T4 N
-4 ‘a =
CT ma L N N
- T~ 1) N AN
\
N \ 1
\
7 s !
-/6 N \
AN
20 Y \
25 ;
‘\
=30 \
—3 \ \“‘
-40 X
- :
o 5 X
-6 N ===~
[
g 78 73" 30 334045 5 0727520
Flgure_ 15.— Cor'lcluc{ed Y4




MR No. L5CO7

NATIONAL ADVISORY
COMMITTEE FoR AEIONAUTICS H

N
T ,;w i IS'J!]I 3 i
nrm%ﬁmmﬁfwmmm i iH-F'S i
Vgﬂﬂﬁt 4 ! , ||. i
A e Al i Ww'r
g mmmm—ﬂikmh i R i e Ef,-‘,ﬁﬁi']im;m

Figure 16,- Variation of power coefficient with advance ratio, three wide blades. ’



MR No. L5CO7

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

f
7
i
1
T
% .
E HH
]
Hi Tt T
i 3 AT
i F HE H H
HEHEE E s i 1

Figure 16.- Continued.




MR No. L&5CO7

A

45

bt

1
T

it
It
'y
It
I

]

7t

p=

s

t
A
QO

1
Y
N

2
ATl

o <4 B L2 16 20 25 30 A5A04L5 S5 6 7 8910/2/520
Fiqure /6.~ Corifinved v

©oQ



MR No. L5CO7

0N DI N &
N

T ’ s
1111 X

T
ur

T

=3
=111

e amnl

5]

-7

oo 11 i}

O 47 8 /2 16 20 25 303540455 6 7890/12/520 b
F_I_?Urc /16 ~ COnC/UC/eJ J o




R ] i H

éﬁi i azw‘..nv$ﬂh* it
it i NATIONAL ADVISORY

5 i COMMITTEE FOR AERONAUTICS. °
EE s iy Rtz pibet BRI E ey ek
=5l i} IE; R ST

il i HETE]
Flgure 17.- Varlation of thrust coefficlent wlth advance
single rotation.

ik,

ratio,

MR No.

L5CO7

=
i e a

four wide bludes,




L5CO7

MR No.

2 2t
R T
X
e
: =
- [Rake ics
1 [ ]
E ! =
S i "
piE Fr 5
-
= =
: R
e b ]
(1 I ¢ =t e e P
i > &
Rwﬂ
e
LT 5 & TSEETT L..mu J T35 et
=N~ Eife=c]
IA‘!, o Vw,
B\ RHiE Rt
:ﬂum.l. mEEsEs E
BuE o
:nm" .
e :
R £ X s
=t Q =
Pyt CH‘.
S L £

gl

iR -

# B
: LA
1y v 53
1] 1 =5
it B i i W
i WHHE & e
it i I
o= bl s T
TR B e
s
fRiEH - it
e ety 323 i
. 1

1.
LR
=Tty
SETEsE
] o] T
1]
=1 i
: i

35 .:.14_

Figure 17.- Continued.




-3.0 = NATIONAL ADVISORY

MR No. L5CO7

el

Nl

bt

2
a
L

COMMITTEE fOR

1
o)
-
LT

kY

y AY

~

o9
O 2 4 6 8 10/2 /4161820 25 30 35 40456 6 7 89/0/2 1520
Fgur‘e 7= Continved 4

(-]



MR No.

[l

cn

Q

NATIONAL ADVISORY

LT

-5 F COMMITTEE FOR AERONAUTICS.

d‘ 18

nrli o

o0
O 2 46 810/214/6/1820 25 30 3540455 6 7 89/0/2/5
F_/'ﬂur-e /7.—Conc/ucfec] 4




MR No. LB5CO7

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Figure 18.- Variation of power coefficlent with advance ratio, four wide blades,
esingle rotation.
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Figure 22.~ Varintion of power coefflcient wltn advance ratio, gix wide blades,

dual rdtation.




MR No. L5CO7

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Figure 22.- Continued.
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Figure 23.- 'ariation of tnrust coefficlent.with advance ratio, eight wide blades,

dual rotation.
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Figure 24.- Varilation of power coefficlent with advance ratlio, eight wide blades,
. dual rotation.
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solution of problems such as determinstion of the rate of
pltch chenge necessary to limit overspeeding to a resson-
able value., The gquestion of overspeeding 1s of major
importance when the blauv-sngle changes involved are from
high positive velues to negative angles. Methods of
epproach to this as well as to other Egoblems employing
apeclal coefflclents end plotting methods are outlined

in reference7 .

Subsequent to the originnl test program additional
tests were run with the three-blade 3155-6 design propeller
to obtain characteristics for each degree of blade sngle
between -5° and 5°.. These additional results are presented
in figure 26 with the results of the original tests at 5°
superimposed. The curves for ~5° and 5° were not duplicated
wlthin several percent,not only because the original tests
Included a wing in the nropeller wake whereas the tests at
10 increments were made.without a wing but also because
the magnitudes of the thrust in relation to tere drag and
power were extremely small.

The primary reason for the additional progrem of
blede engles was to check results which indicated three
equllibrium rotational speeds (end consequently three
thrusts) at a given forward veloclty in the blade angle
region between 3° end -4O.

Figure 27, which 1s a plot showing the veriation of
Qu Wwith J of the three-blede 3155-6 propeller at several
blade engles, 1llustrates the characteristics in this
doubtful renge. For a given value of @Q,, V, and D,

it would be remsonable to expsct s unique velue of J,

end consequently, n. The results presented in figure 27,
however, indicate as meny as three possible velues of J
for a given Q,. Similar curves obtzined from SE68-R6
propeller results in reference 3 show only ons value of J
in the seme renge of blede angles.

An attempt to explain these pecullsr results by
theory was not conclusive because of the lack of adequate
section data for the high negative sngles of attack
experienced. : . - -
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